This paper addresses the question as to why we observe such large differentials in earnings in urban African labour markets after controlling for observable human capital. We first use a three year panel across Ghana and Tanzania and find common patterns for both countries assuming that movement between occupations is exogenous. Unobserved individual market ability is by far the most important factor explaining the variance of earnings. Sector differences do matter even with controls for ability and the sectoral gap between private wage employment and civil servants is about 50 per cent, once we control for unobserved time-invariant factors. Wage earners earn the same as the selfemployed in both Ghana and Tanzania. An additional important aspect of formality is enterprise size. At most half of the OLS effect of size on earnings can be explained by unobservable ability. Workers in largest firms are the high earners with wage rates which exceed those of civil servants. We then use an extension of the Ghana panel to five years to assess the extent of possible biases from the assumption of exogenous movement. We find evidence that this is important and that OLS may be understating the extent of both the size effect and the private sector wage (negative) premium. The implications of our results for understanding the nature of formal and informal employment in Africa are discussed.
Introduction
This paper investigates the role of formality and informality in determining earnings in urban Africa using individual panel data. While the importance of activities which take place in small scale, unregulated and untaxed enterprises has been widely recognised, how these activities link to self-employment and how both link to larger scale enterprises which are regulated and taxed has not been investigated with data that allows for the potential importance of skills, both observable and unobservable, in determining these outcomes. There has been an extensive discussion of how the informal sector should be defined and of its implications for poverty, initiated by the seminal ILO (1972) study of Kenya. Since then, informality has been a generic term given to the diverse range of economic activities that takes place among the small scale enterprises and the selfemployed which dominate urban labour markets in Africa. The complexities in measuring incomes, outputs and employment when labour markets are not organised in the form of a formal wage contract are central to the analysis of duality in labour markets synthesised and extended by Sen (1975) . The existence of the informal sector has been hypothesised to be the result of the regulations in the formal sector, see Schneider (2005) for this view and a cross-country analysis of the size of the informal sector.
The existence in tandem of an informal and a formal sector has been viewed as the result of labour market segmentation in which the formal sector sets wages above the market clearing rate, leaving either a large pool of unemployed or an informal sector oversupplied with labour at markedly lower wages rates; the classic model of this interpretation being Harris and Todaro (1970) . This model was extended by Fields (1975) who introduced the notion of there being a "murky" sector in which all those who wish to work can and postulating a divide within the urban sector between this "murky" sector and the formal sector. In contrast, it is possible to view the informal sector as an efficient outcome of a labour market in which a technology intensive in unskilled labour exists alongside a formal sector using relatively skilled workers at much higher wages. Fajnzylber, Maloney and Rojas (2006) provide evidence that small scale self-employment is a preferred outcome and not the result of an inability to find a rationed formal sector job. Given the scarcity of skills in low income countries and the much wider range (a significant part of the working population has no education) the greater diversity of economic activities than are observed in higher income economies is to be expected. The fact, which earnings functions clearly show, that workers in large firms or in the formal sector earn more, even with controls for observable skills in the form of education and work experience, simply shows the importance of unobservable skills in determining these labour market outcomes. 1 Our objective in this paper is to advance understanding of which of these interpretations is most consistent with data for earnings across these sectors for urban labour markets in Ghana and Tanzania. One reason why explanations have proliferated much faster than testing is the problem posed by measuring incomes in the informal sector. If we seek to address the possibility that the outcomes we observe are due to unobservable skills by means of panel data we need to measure changes too. That essentially is the contribution of this paper.
This paper presents new survey data specifically designed to address this question. Like many existing data sets, the survey collects a wide range of socioeconomic data from workers in urban areas of two African countries: Ghana and Tanzania. The survey is novel in collecting income data on the self-employed in the urban informal sector. This data is intended to be comparable to wage data for urban employees. In both Ghana and Tanzania, the self-employed outnumber wage employees by at least 2-to-1 in the urban labor force. Understanding earnings determination in this sector, and how workers sort between sectors is thus central to any understanding of labor markets and income distribution in these countries.
The following section presents our theoretical framework, section 3 our data and section 4 our empirical results. Our empirical strategy for disentangling the effects of human capital and labor market segmentation acknowledges that workers may endogenously sort between occupations based on observable and unobservable skill differences. Our approach exploits potential instruments for occupation choice as well as 1 Söderbom and Teal (2004) show that wages in manufacturing firms are clearly linked to size, Söderbom, Teal and Wambugu (2005) show for both Kenya and Ghana that the firm size effect for wages does not appear to be driven by unobservables, Kahyarara and Teal (2007) show for Tanzania the importance of size in determining the return to both academic and vocational education. As these studies are confined to wage employment they are uninformative of the determinants of size in explaining gaps between self and wage employment.
the panel dimension of our data set to investigate the extent of biases from both OLS and fixed effects approaches in section 5. A final section concludes.
Observable and Unobservable Skills
In the literature for developed countries there has been an extensive discussion initiated by Abowd, Kramarz and Margolis (1999) of the relative importance of unobserved individual characteristics on earnings relative to the factors associated with the firm in which the individual is employed. Their basic equation which we will adapt in this paper is:
where is the natural log of earnings, is a vector of time-varying observables, is the time-invariant individual characteristics, , will be the sector in which individual works at time . A time dummy captures all effects that are common at a point in time and is an error term. In Abowd, Kramarz and Margolis (1999) the term , captured the firm in which the worker is employed. In the case of urban labour markets in Africa most employment is not wage employment so we seek to identify movement across sectors where our data allows us to know if employment is in the civil service, a state or private enterprise, all these being forms of wage employment, and a final category for the self-employed. These four sectors capture some aspects of what has been meant by formal and informal enterprises. Indeed some models simply define wage employment as formal and see self-employment as a sector into which those who cannot find wage jobs end up working. We believe such an approach is to miss the fact that much wage employment is in small enterprises which can readily be characterised as "informal" and some form of self-employment activities, for example lawyers and accountants, are well paid. As we cannot usefully model the firm in which the individual works, we have chosen, in addition to modeling sector, to measure the size of the enterprise. We do this for both wage employees and for the self-employed by creating variables which measure the number of employees in the enterprise in which they work and thus form part of the time varying observable vector . By controlling for size we are implicitly identifying the individual and the sector effect, conditioning on the size of the enterprise. Not only does this enable us to model informality as a heterogeneous phenomenon related to enterprise size, it also allows for a set of controls which might be biasing what we can think of as the "pure" sector effect.
The identification strategy used by Abowd, Kramarz and Margolis (1999) is based on the assumption of exogenous movement. For the first part of this paper we will emulate their approach using our panel to identify the effects of time varying observables, which in our case include enterprise size, and following their procedure we will assess the relative importance of and ( , ) for the determination of earnings. We can write:
where is a vector of time invariant observables (in our model these will be controls for education and gender) and captures the time invariant unobservables. The conclusion of Abowd, Kramarz and Margolis (1999) is that these terms are by far the most important factor determining earnings. While more recent work has qualified the relative importance of such measures of market ability as a determinant of earnings, their importance is a common factor across all labour market datasets. Their potential correlation with the observables factors, such as size and sector, ensure that the estimates for these effects may be subject to serious bias. We derive an index of such ability defined as:
where is an N x N matrix of indicators of individual = 1,2. . . .
We will estimate equation (1) by panel techniques, so in using fixed person effects it will not be possible to identify separately and . We use our estimates of the individual fixed effects as our dependent variable in (2) and identify from the residuals of that equation. By imposing = 0 we scale our ability index in the same manner as Abowd, Kramarz and Margolis (1999) . To identify we need to observe individuals over time.
On the other hand, to identify , we need to observe workers move across sectors. Given that, we can use fixed effects results to calculate an index which summarises how important are sectors in determining earnings. We define such index as:
where is the NT x J matrix of indicators for the firm effect at which i works at date t.
Our assumption is that sector simply acts as a shifter of the earnings-profile while tenure effects are common across sectors and, therefore, do not feature in the sector index. The Abowd, Kramarz and Margolis (1999) approach is slightly more general, as seniority effects are included in They have :
When we tested for the impact of sector-specific seniority on earnings, we did not find significant differences. Hence, we assume that tenure has a homogeneous effect across sectors.
We still need to distinguish between general work experience which is in and the within sector tenure (seniority) effect . Our sector index, therefore, is defined as follows:
where 0 is the NT x J design matrix associated with the vector of sector specific intercepts ϕ is a J x 1 vector of sector-specific intercepts is the So:
The answer to the question as to how important are time varying observables relative to person and sector effects can be found from a variance decomposition of the following equation: (9) is our initial focus in this paper. The debate on informality in Africa has been essentially a debate as to the importance of the sector index relative to the ability index. To simplify the views of the alternative models: the Harris-Todaro (1970) model sees sector differences driving employment and unemployment outcomes while a human capital model of the world sees a sector differential as being an artifact of the failure to control for ability.
The above analysis is implicitly for earning rates, ie wage rates for wage employees or their hourly equivalent for the self-employed. Wage contracts often specify both earnings and hours. What we measure is earnings per period of time but we also have data on hours spent working. In our data the majority of work is self-employment and hours worked are both important to determine the earnings rate which can be compared with the wage rate available from wage employment and likely to be measured with considerable error. Rather than compute hourly rates of earnings, which will then incorporate the errors from the hours data, we report the results with controls for hours.
We interpret these regressions with controls for (log of) hours as the equivalent to the earnings functions that underlie the Abowd, Kramarz and Margolis (1999) analysis.
The next issue that needs to be addressed is selection into employment. A substantial part of the urban population aged 15 to 65 is classified both in our data, and in household surveys in Africa more generally, as out of the labour force. One interpretation of this finding is that these are individuals for whom either wage or self-employment jobs offer such low returns that they choose not to take them. Whatever the reason there is clear evidence that those in employment may be a selected sample. We will address this problem by assumption; namely that our ability to control for unobservables with the panel also controls for selection. This assumption does however change the interpretation of which is now not simply ability in the job but includes the (time-invariant and unobservable) ability to get a job. Collecting income data on the self-employed in low-income countries is a controversial endeavor. The problem is that self-employed business people in the informal sector rarely keep written accounts and their self-reported income data may be too noisy to be of use. For household based enterprises, the distinction between business and personal expenditures may be completely alien to respondents. We acknowledge the validity of these concerns.
However, because the non-agricultural self-employed constitute a majority of the urban working population in both Ghana and Tanzania, we feel the incomes in this sector are too important to ignore. Our income measure for the self-employed is based on selfreported profits. Profits are net of routine operating expenses and gross of fixed capital expenditure, if any. The concepts of ``revenue'', ``business costs'', and ``profits'' are explained to respondents by enumerators with experience in conducting firm and household surveys. As the surveys are entered directly onto handheld computers, a simple mechanical check forces enumerators to go over the numbers again if revenue, cost and profit figures are inconsistent. While enumerators have reported few conceptual difficulties with this portion of the questionnaire, we feel a better test of the validity of self-reported income data is our ability to explain its variation with personal, household and business characteristics, as we attempt to do below.
A second unique feature of the UPS data set is its panel dimension. The individuals have been resurveyed for a period of three years in Tanzania and for five in Ghana. Thus the UPS constitutes one of very few household panel data sets in subSaharan Africa, and the only panel of income dynamics for the self-employed that we are aware of. In Table 1a and 2 we present the transition matrices for the two Ghana panels we will be using, that for the three years 2004-06 and the five years 2004-08. Table 1b presents similar data for the three year 2004-06 Tanzania panel. These matrices introduce the sectors that will be the focus of the analysis in the next two sections. Individuals are classified into five mutually exclusive groups, self-employed, private wage, civil servants, public enterprise and not working. The first four of these have earnings and it is these who will be used in the regressions reported below. Possibly surprisingly there is less movement in the five year than the three year Ghana panel. For this panel the largest change is within public enterprise which is also the category with the smallest numbers.
The self-employed in both Ghana and Tanzania have the lowest mobility. The summary statistics on which the analysis will be based are given in the Appendix. has a large impact on earnings for both countries. In moving from a firm of size 1 to one of size 100 the regression predicts a 2-2.5 times rise in earnings, again this comparison is with the full set of controls for observable human capital. Two other features of the data stand out. The first is the strongly convex relationship between earnings and education, something widely found in developing country data sets and secondly that wage employees earn less than the self employed in firms of size unity showing the importance of not assuming that the self-employment sector is a free entry, low income, sector. As has previously been noted in Sandefur, Serneels and Teal (2006) a striking feature of this data is how great is the overlap in the distributions within these categories. Figure 1shows the distribution for earnings not only by wage and self-employment but by the size dimensions within each. This confirms that controls for observable human capital do not alter the ranking in terms of income where working in large firms and in self-employment with employees is the high return activity. The data for education confirms for both countries a monotonic increase in education from self-employment through small to large firms to the public sector. Also true for both countries is that younger workers are concentrated in small firms.
Measuring the Role of Unobservables
In the previous section we have presented a standard earning function and shown that it has the characteristics one would expect. We now proceed to ask how far any of the findings with respect to sectoral effects or size survive once we allow for the role of unobservables. Table 4 presents a series of results which do control for time invariant unobservables. These are the first key results of the paper. All columns control for experience. In columns (1) and (2) we focus simply on the sectoral effects. As can be seen by a comparison of columns (3) and (4) with columns (1) and (2) controls for size are important. While these effects are much reduced from the OLS they are still large and significant in both countries. In both countries the dummy on civil servants is significant in columns (3) and (4) but the differential between these and private wage employees is now only 38 per cent, down from a differential of 2.5 times. Before considering the interpretation of these results we complete the decomposition set out above. In Table 5 we decompose the fixed effect , obtained from the First Stage Regression in Table 3, into true unobserved heterogeity and a part that can be associated with time invariant observables such as gender and education. Not surprisingly this re-creates the convex return on education we observed in the OLS earnings functions. Given the results from Table 5 we can extract from the data our Ability Index and we present the results in Figure 2 . Both distributions are close to normal. We also create the Sectoral Index set out above and in Table 6 we bring together the ingredients of our analysis to address the relative importance of formality and informality in the determination of earnings. Table 6 presents the second set of key results of the paper. The Table is set up so that the relative importance of time varying determinants of earnings in Columns (1) and (2) can be compared with the inclusion of time invariant gender and human capital measures in Columns (3) and (4). These results can in turn be compared to Columns (5) and (6) which include the Sectoral index and finally Columns (7) and (8) For both countries we find that the size effects both within firms and among the self-employed remain large and significant even after controlling for sector and ability.
We can see from Table 4 that in both Ghana and Tanzania the wage employees in small enterprises (strictly enterprises of size 1) do not earn significantly different amounts from the self-employed. The implication of the size coefficient is that those working in large firms (of more than 100) will earn on average more than the civil servants who have the highest sector differentials. In the next section we discuss how the results might be affected by movement and sorting across the occupations.
Endogenous Movement
The results in our second stage regression appear to confirm the importance of sector and size effects as determinants of earnings. The two most clear-cut findings are a gap between the private and the public sector, larger for Tanzania than Ghana but highly significant in both, and a highly significant firm size effect for both countries. In this section we address the question as to how robust are these results. Identification of the size and sectoral effects has been obtained by following the procedure of Abowd, Kramarz and Margolis (1999) and assuming the exogeneity of movement. We now relax this assumption and investigate possible endogeneity biases. Before presenting the results of these estimators we return to the potential sources of bias in our results raised in section 2 above. The exogeneity assumption we have used to identify the coefficients of interest does not allow endogenous sorting of workers across occupations. As pointed out by Heckman, Lochner and Todd (2009) , in the context of interpreting the expected bias in the standard Mincerian earnings function, it is far from obvious that OLS estimates will be biased upwards. In this context the usual intuition would be that high ability individuals sort into wage employment assuming that wage employment is the preferred outcome and that ability is uni-dimensional. It assumes in the language of treatment effects that:
In words, the income for those treated if they had not been treated would have been higher than the actual outcome for the untreated. Heckman, Lochner and Todd (2009) argue that sorting may well reverse this inequality in which case OLS estimates will be biased down. In this context a high wage premium may be due to the fact that those good at being wage employees sort into that occupation and that the OLS estimate will be biased down as a result of such sorting.
Our results cannot be directly compared to the standard treatment literature as we are seeking to control for unobserved dimensions of the wage contract by means of a firm-size variable. The interpretations of the size effect discussed by Oi and Idson (1999) mainly focus on the role of unobserved skill in creating a size effect with the implication that fuller controls for skills will diminish any "size" effect. Our results are certainly consistent with that view as the firm size effect approximately halves when we use fixed effects. However if size is proxying the unobserved "ability at being a wage worker across firms of different size" then the selection bias points in the opposite direction.
Another problem is measurement error which will in general bias down the estimates in the fixed effects regressions. We need instruments to address these potential sources of endogeneity.
We proceed by exploiting the panel dimension of the data to use lags as instruments, as initially proposed by Arellano and Bond (1991) . In their estimator the lags of the variables are used as instruments for the first differences (the DIFF-GMM estimator programmed in STATA). Our approach is to treat all the time-varying jobcharacteristics as endogenous, since they may be linked to unobservables determinants of movement.
3
The data requirements posed by GMM techniques in terms of lags is high. In order to ensure that our results are as robust as possible we use only the Ghana data where we have a five, rather than three, year panel. Our results up to this point have enabled us to make a direct comparison of Ghana and Tanzania. By confining ourselves to the longer panel data set for Ghana we can no longer make comparative statements but we can assess the potential importance of the biases that arise from the failure to allow for the biases due to movement.
This implies that in order to instrument the first-difference of these variables by their lags, one needs to go back at least 2 periods to find valid instruments. In addition to instrumenting the first differences of the regressors by means of their lags, the System GMM estimator as proposed by Blundell and Bond (1998) , introduces a set of moment conditions based on the assumption that lagged differences of the regressors are independent from current unobservables. We present results for both estimators. As is well known the results of these estimators can be sensitive to the number of instruments so in order to assess how robust are the results to these different instrument procedures we present results making different assumptions about the instrument set. Tables 7 and 8 present the results first for the differenced then for the system GMM estimator. As we are now using a five year panel we present in the first two columns the OLS and FE results which enable a comparison to be made for the Ghana results of the three year panel presented in Tables 3 and 4 . We also present the results for the first differenced estimator (FD) to assess if any of our result are sensitive to whether we use this or the FE. It can be seen that there are some differences between the FE and FD but the broad pattern is very similar.
Our primary interest now is how our instrument sets affects our results. For both Tables 7 and 8 in Column (4) we use a set of instruments which includes all lags between periods t-2 and t-4. In Column (5) we collapse the lags in the manner suggested by Roodman (2009) . In Column (6) we confine the instruments to those for periods t-2 and t-3 only. Finally in Column (7) we restrict the instrument set still further and use only lags for t-2. For reasons which have been extensively discussed in the literature where variables are highly persistent the system GMM estimator should provide more robust results assuming that the data are stationary. Thus our preferred results are those in Table   8 . The rather striking result for this Table is that for all the instrument sets with which we have experimented the IV estimate for the size effect is substantially higher than the OLS.
It is also the case that the point estimate on the private dummy which has a magnitude of -0.354 in the OLS has a maximum (negative) value of -0.969 in our second instrument set. These instrumental variable estimates suggest that the OLS is understating the sector and size effect, not overstating them. While the differenced GMM results presented in Table 7 are less robust there is no evidence there either that OLS is upward biased.
Conclusions
We have used panel data from Ghana and Tanzania to address a question that has been central to how their urban labour markets work since the seminal model of Harris and Todaro (1970) on the links between formal wages and employment. A development of this framework by Fields (1975) postulated the importance, within the urban economy, of a distinction between a low income "murky" and a high income formal sector. By exploiting two sets of individual based panel data we have sought to adapt the framework provided by Abowd, Kramarz and Margolis (1999) to show the importance of sectoral effects relative to the unobserved aspects of ability in determining these differences in incomes. We have then extended their procedure by instrumenting the variables using the estimators developed by Arellano and Bond (1991) and Blundell and Bond (1998) .
Our results using the FE estimator and the IV point in opposite directions as to the signs of the bias in the OLS. Confining attention to our largest sample which is the Ghana five year panel the use of either FE or FD reduces, in some cases substantially, the point estimates for both the private wage (negative) premium and the size effect. In contrast the IV estimates increase both in absolute size. This latter result is consistent with the argument advanced by Heckman, Lochner and Todd (2009) that endogenous sorting is a key feature of these markets. If this is correct then the focus of Harris and Todaro (1970) and Fields (1975) on sectoral differences in income misses the quantitative importance of sorting by type within these markets.
A result which is common across both the FE and the IV estimators is that the size 
